Parkinson (1817) believed that the whole complex of Parkinsonism, including tremor, was due to abnormal function of the upper part of the spinal cord and the medulla oblongata. Though a great deal of clinical, pathological, and experimental work, including surgical operation for the Parkinsonian syndrome, has led us to believe that the site of pathology is much higher, in the basal ganglia, it is interesting to note that recent physiological studies are revealing unsuspected disturbances at the level of the medulla and the cord. The part played by the spinal cord and its connexions is not insignificant (Das Gupta, 1962) and so an important pathological mechanism of Parkinsonism lies much closer anatomically to what Parkinson himself suggested over a century ago.
The importance of this local pathology is once again suggested by an observation which is the subject of this paper. It was made incidentally during a study of the behaviour of single motor units of voluntary muscle during sustained isometric contraction, using a steel needle electrode specially prepared for the discrete recording of single motor units. The technique has been fully described elsewhere (Das Gupta and Simpson, 1962) .
Observations were made on 10 patients with paralysis agitans. All had tremor as well as rigidity but records were taken when there was no overt tremor or when tremor was so slight as not to affect the picture.
A prominent feature of the firing pattern of single motor units during sustained voluntary contraction was a tendency for the spike discharges to be grouped in pairs (Fig. 1) (Gilson and Mills, 1941) .
It has been observed by many workers (Adrian and Bronk, 1929; Denny-Brown, 1929; Eccles and Hoff, 1932; Hoff and Grant, 1944) that during firing of a single motor unit it is not uncommon for the motor neurone to give one or two 'double discharges', especially when the neurone is firing at or very near its threshold. Hoff and Grant (1944) put forward the rigid definition that a paired spike can be called a 'double discharge' only when the second beat arises from the same unit as the first one and when the interval between them lies between 2-9 and 20 msec. The second spike may be somewhat smaller in amplitude and of greater duration than the first (Gordon and Holbourn, 1949) . These double discharges are most commonly seen at the beginning of any contraction, less often at the end (Gilson and Mills, 1941) , and this fact led Gordon and Holbourn (1949) to believe that double discharges allow a large initial development of tension which can then be maintained by a fairly low frequency of firing. Kugelberg (1948) observed that double discharges may be somewhat more frequent in the anterior horn cell diseases. He believed that the site of production of these double discharges must be somewhere in the periphery since they can be 'faithfully reproduced' by peripheral electrical stimulation. Denslow (1948) found that a long pause always followed a double discharge and considered that this was a striking feature.
The paired responses found in Parkinsonism are different from the double discharges observed by these workers. The minimum interval between these spikes is always greater than the maximum observed between the two components of a double discharge. They are not specially frequent at the beginning but in fact are distributed irregularly throughout an isometric contraction. They are never seen in motor neurone disease (Das Gupta, 1962) which is one of the anterior horn cell diseases in which Kugelberg (1948) (Hoff and Grant, 1944 .) The paired response in Parkinsonism might at first sight suggest the presence of a supernormal phase following an original motor neurone discharge which can sometimes be raised above firing threshold in the presence of constant bombardment by afferent impulses, acting as a 'detonator' stimulus for the second discharge of the paired response. This theory is untenable because of the time factors involved. The supernormal phase following a motor neurone discharge varies from 3 0 to 15 0 msec. (Hoff and Grant, 1944) . This interval is too short to explain the observed latency of 30 to 50 msec. between the two components of a paired response. Moreover, the duration of the recovery period following the second discharge of a pair is also significant. The subnormal period following repetitive firing of an excitable tissue tends to summate and this is the reason why there is always a long refractory period after pulsus bigeminus. The long period of electrical silence after a double discharge described by Denslow (1948) , where the pairs were grouped within the time necessary to consider supernormality and summed subnormality in explanation, suggests that the double discharge is a true analogy with Forbes's (1929) 'reverberating circuits', i.e., circuits of excitation which persist for considerable periods. Forbes (1929) and Lorente de N6 (1939) assumed the existence of such circuits and Delisle Burns (1958) (Lippold et al., 1957) . Hufschmidt (1959) suggested that the inhibitory impulses from the Golgi tendon organs are very much increased in Parkinsonism. According to this author, spinal motor neurones in this condition must be overreacting to those inhibitory impulses which might spread rhythmically along the circuit. 'The tremor', he writes, 'thus originates as a chain of heightened inhibition reflexes, and hence an additional heightening of tension or decrease of tension . . . can predictably influence the tremor according to the point of application to the tremor cycle'. Granit, Pascoe. and Steg (1957) and Granit and Rutledge (1960) have also shown that 'doubling' of motor units can be produced by antidromic stimulation of a motor neurone during tonic firing. They noted that if the excitatory drive was sufficient antidromic inhibition was regularly succeeded by a brief phase of rebound excitation, definitely related to the preceding inhibition. They concluded that 'when reflex drive increases, a transition from pure inhibition to inhibition rebound can serve no other purpose than maintenance of the slow rhythm of discharge with double spikes instead of single spikes'. This hypothesis can very well explain the genesis of double discharges, but as discussed before, the rebound excitation succeeding peripheral inhibition is unlikely to last as long as 30 to 60 msec. (Hoff and Grant, 1944) , and hence cannot produce a paired response.
The argument of Hufschmidt (1959) likewise may well explain the synchronization of motor units, but it is difficult to comprehend how it can give rise to a paired response of the same unit. This must be the manifestation of repetitive discharge of the motor neurone, due to some local cause (which has not been proved) or successive facilitatory stimuli must reach the motor neurone from some source, spinal or supraspinal.
A long maintained excitatory state would lead to repetitive firing of a motor neurone with a repetition period determined mainly by Renshaw inhibition. The period of 30 to 60 msec. between spikes of a paired response would be compatible with this (Renshaw, 1941 and 1946) . It is suggested that the paired response is due to the interplay of a maintained excitatory state with a negative feedback of Renshaw type of the responding neurone. The crux of the problem remains the source of the maintained excitatory state. According to contemporary thinking this implies sustained activity of spinal interneurones. Conventional views on Parkinsonism would attribute this to tonic 'excitation' from brain-stem facilitatory centres. Personal observations on Parkinsonian patients (Das Gupta, 1962 ) also suggest the presence of some supraspinal inhibitory influence or tonic inhibition of peripheral origin (Hufschmidt, 1959) . Neither mechanism is mutually exclusive, and indeed both may be necessary to resolve a paradox which the paired response has shown. It has not been a purpose of this paper to discuss the mechanism of tremor in Parkinsonism but it may be pointed out that an interplay of antagonistic tonic activities in spinal interneurones might lead to oscillation of the servo system and so cause a rhythmical tremor which would not require the presence of the same rhythmicity in a descending extrapyramidal outflow.
SUMMARY
A tendency for motor units of skeletal muscle to fire in paired responses during sustained isometric contraction is noted in patients with Parkinsonism.
Temporal relations exclude the possibility of paired responses due to the excitability cycle of the motor neurone but are compatible with a Renshaw type of inhibition modulating a tonic excitatory state.
Evidence of increased supraspinal and peripheral inhibition of motor neurone activity is referred to and it is suggested that an interplay of antagonistic tonic activities at spinal interneurone level might account for tremor in Parkinsonism.
